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Abstract

The genus Presbytis is more or less confined to Sundaland, and, within this re-
gion, the distribution of its species is partly a result of changes in geography, sea lev-
els, and vegetation during the Pleistocene (and perhaps of the Late Pliocene! and
partly of present-day soils and vegetation. We use the molecular cladogram of ZAIN,
the phylogenetic insights of BRANDON-JONES, and our own craniometric analysis
to elucidate the past patterns of vicariance, dispersal, and range contraction and ex-
pansion.

Introduction

In this paper, we examine the biogeography of Presbytis, a genus of leaf monkey
{Colobinae) confined to Sundaland, i.e., the Malay peninsula (including peninsular
Thailand) and the western Indo-Malay archipelago (Sumatra, Java, Borneo, the
Natuna Islands, the Riau Islands, and the Mentawai Islands) (see Figure 1). Al-
though in the seminal work of NAPIER and NAPIER (1967) leaf monkeys now be-
longing to other genera were placed in the genus Presbytis and only five species (P,
aygula, P. melalophos. P. frontatus [sicl, P. rubicundus [sic] and P. potenziani) were
recognized in the group now under consideration, the group has become more and
more speciose as understanding has grown. GROVES (2001) has produced a work-
ing taxonomy (here reproduced as far as is necessary in Table 1) with explanations of
how it differs from those of earlier authors, in particular, the important contribu-
tions of BRANDON-JONES (1977, 1996a,b,c, 1998) and AIMI and his colleagues
(ATMI and BAKAR, 1996; AIMI et al., 1986), as follows:

¢ Sumatran/Malay peninsular P. femoralis is now universally regarded as a species
distinet from P. melalophos.

¢ BRANDON-JONES (op.cit.) has recognized P. siamensis as a further Sumatra/
Malay species.

¢ GROVES (2001) separates Bornean P. chrysomelas from P. femoralis.

¢ The species formerly called Presbytis avgula [a name which does not in fact refer
to a leaf monkey but to a macaque (NAPIER and GROVES, 1983)] has been bro-
kenup. POCOCK(1935), AIMI and BAKAR (1996) and GROVES (1970) have sep-
arated Sumatran P. thomasi and Bornean P. hosei from Javan P. cormata. BRAN-
DON-JONES (1996b) did not recognize this separation, and continued to refer all
three to a single species, Presbytis comata.

¢ On the other hand, BRANDON-JONES (1995) separated P. fredericae from P.
comata as a distinct species; NLJMAN (1997), however, showed that the two grade
insensibly into each other over a wide area.
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We may mention that work on the genus continues, and it is far from certain that
the number of valid species is at a maximum: in particular, we are of the opinion that
P. hosei sabana and P. h. canicrus should be regarded as separate species from P.
hosel.
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Fig. 1: Distribution of Presbytis species, according to GROVES’ (2001) taxonomy.
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Table 1: Post-1977 Taxonomic Arrangements of the Genus Presbytis.
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Phylogenetic Relationships

BRANDON-JONES (1977) propesed a set of evolutionary relationships among
Presbytis species based mostly on coat coloration (Figure 2a). He suggested that the
most primitive form of Presbytis is P. potenziani from the Mentawai Islands, off
western Sumatra, with dark coloration, followed by the intermediate forms, comata,
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thomasi, and hosei (which he united in a single species, P. comata), and culminating
in the most derived forms, P. melalophos, femoralis, \mS:SS and rubicunda, with
red/brown coloration. Among the "derived” forms, BRANDON-JONES (1996b) pro-
posed a special affinity between P. melalophos and P. rubicunda because of similari-
ties in behavior. Based on head pattern, BRANDON-JONES further proposed that
P.rubicunda derived from P. siamensis. He also suggested a close evolutionary affin-
ity between P. frontata and P. comata sabana, based on shared external cephalic
structures. BRANDON-JONES (1996¢) provided the following hypothesis for the
evolution of Presbytis comata: During the late Middle Pleistocene the species was
continuously distributed across Borneo and Sumatra. Presbytis was initially con-
tracted to the Mentawai Islands by a severe glaciation at 190 thousand years (Kyr)
ago. At this time, neither the Mentawai endemic P. potenziani nor its descendant P.
comata had colonized Borneo, and P. comata evolved from P. potenziani after this
glacial period. The next glacial period restricted P. comata to several glacial refugia,
including ene in north Borneo, in approximately the same area as the present- -day
distribution range of what he referred to as P. comata evereiti (i.e., western Sabah
and eastern Sarawak). The three peripheral Bornean subspecies oww. comata {hosel,
canicrus, and sabana) appear to represent the first stage of extra-refugial dispersal.
BRANDON-JONES also hypothesized a glacial refugium in northern Sumatra, from
which populations dispersed. One branch (P, melalophos) dispersed as far as the
southern tip of the island, and another emigrated to the Malay Peninsula and north-
west Borneo. The only possible instance of sympatry resulted from a reverse dis-
persal of P. siamensis from the Malay Peninsula (BRANDON-JONES, 1996¢). To al-
low for the interstadial dispersal from Sumatra to Borneo, BRANDON-JONES hy-
pothesized an eastward current that carried rafts of floating vegetation between the
two 1slands.

Melding BRANDON-JONES'’s model of color evolution with the principle of
metachromism of HERSHKOVITZ (1967; 1977), GROVES (1989) proposed a centrif-
ugal speciation hypothesis for the genus. He saw black - gray — red/brown as in-
creasingly centrally evolved and dispersing out to replace the more plesiomorphic
colors, so that the primitive black P. potenziani remains only on the Mentawai Is-
lands, the grey P. comata, P. thomasi, and P. hosei are in Java, northern Sumatra
and northeastern Borneo, respectively. The remaining species, all red or brown, are
central in distribution (spoiling this is a tendency for the apomorphic ones to revert
to black in some areas: P. melalophos sumatrana, P. femoralis chrysomelas).

AIMI and colleagues (ATMI and BAKAR, 1996; AIMI et al., 1986} considered the
taxonomy of the genus in Sumatra, recognizing three species distinguished alike by
characters of pelage, skull and vocalization. In this model, P. melalophos is the sister
species to a clade containing P. femoralis plus P. thomasi. They effectively completed
the metachromatic progression by describing a new subspecies, P. melalophos
bicolor, the whitest, and so, in the mm?rWoﬁdemb scheme, most apomorphicof all in
the central Sumatran highlands.

ZAIN (2001) used various molecular techniques, including mtDNA markers
{(ND3, ND4L, ND4, and tRNAs), paternal Y-chromosome markers (TSPY and SRY),
and biparental autosomal markers (IRBP intron-3), to investigate phylogenetic rela-
tionships among several (but not all) Presbytis species (Figure 2b). He also used the
DIVA program (see RONQUIST, 1997) to reconstruct the possible ancestral distri-
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Fig. 2: Phylogeny of Presbytis, after (a) BRANDON-JONES, 1996a,b, and (b) ZAIN,
2001. Note that, strictly speaking, BRANDON-JONES regards some living taxa as
unchanged ancestors of others, but in {(a) they have here been represented as sister
taxa for comparison with ZAIN’s phylogeny. In (b}, the subspecific names used by
ZAIN have where appropriate been changed to specific names as in Table 1 and in the
text. Numbers in (b) refer to estimated divergence times between clades {after Fig.
3.101in ZAIN (2001)]. Taxa not included in this research were: femoralis percura, Su-
matran siamensis subspp., frontata, potenziani, h.hosei and everetti, and canicrus.
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bution of the genus Presbytis. ZAIN’s main conclusions, relevant to this research,

were that:

e P.comata, P. thomast, and P. hosei are separate entities and do not belong to the
same species as suggested by CHASEN 11940}, HOOIJER (1962), and recently re-
stated by BRANDON-JONES (1996a).

» P.rubicunda and P. melalophos (including P. siamensis) are not closely related.
Instead, P. rubicunda groups closely with a clade containing P. thomasi and P.
comata, a result that is strongly supported by high bootstrap values.

e The ancestral Presbyiis underwent two cladogenic events on Borneo. The first
split separated into hosei and a clade containing all other Presbytis. This second
clade underwent a further cladogenic subdivision into a melalophos-like group
and a comata/thomasi/rubicunda clade.

The chain of evolutionary events suggested by ZAIN (2001) involves a dispersal
pattern starting on Borneo, moving west to the Malay Peninsula and Sumatra, and
south to Java. This is exactly opposite to the direction of events proposed by
BRANDON-JONES (1996a), whose ancestral species moved from the Mentawai Is-
lands to the east via Sumatra [note, however, that ZAIN (2001) did not study P.
potenziani from the Mentawai Islands]. ZAIN (2001} estimated that the divergence
time among Presbytis species ranged from 3.2 to 0.8 Ma; although, P. potenziani was
probably the species that first diverged from the other Presbytis (BRANDON-
JONES, 1996a, and also see below), and Presbytis evolution thus started earlier.

One of us (EM) has investigated the palacoenvironments of the SE Asian region
in the Late Tertiary to Late Quaternary (MELJAARD, 2003a) and has also worked
extensively on the distribution of Bornean primates (e.g., MEIJAARD and NIJMAN,
2000; MEIJAARD and NIJMAN, 2003). Furthermore, we statistically analyzed
measurements on 277 colobine skulls which provided additional insight into the
phylogenetic relationships within Presbytis. These craniometric data will be pub-
lished elsewhere. In this paper, we use our palaeoenvironmental reconstructions
and combine them with our latest biogeographic and taxonomic insights to test
which of the above biogeographical scenarios is more parsimonious with our data.

Palaecenvironmental reconstructions

ZHANG et al. (1993) suggested that Asian colobines migrated into Sundaland
during the Late Pliocene or Early Pleistocene; the earlier part of the time span fits
the divergence times estimated by ZAIN (2001). They migrated from Africa to India
and dispersed into southern India, Burma, Malaya and Sundaland. It is possible
that, at the same time, another migratory route existed along the northern bank of
the Tethys Sea in southern Tibet via Yunnan into Vietnam and, finally, toward the
east around the Sichuan Basin. For colobines, that may have meant that there were
two important centers of radiation, one being Sundaland and the other being the
Heng Duan mountain region (ZHANG et al., 1993). The split between Nasalis and
Presbytis occurred approximately 5 Myr ago, according to SARICH (1970), after
which Simias and Nasalis split. ZAIN (2001), however, estimated an earlier split,
6.7-7.4 Myr ago, between Nusalis and Presbytis, based on a cercopithecine-colobine
divergence of 10-11 Myr [DELSON, personal communication, quoted in ZAIN
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(2001} Presumably, this split occurred in Sundaland, whereas the mainland Asian
colobines diverged in the other center of radiation (ZHANG et al., 19931,

Ifthe Presbytis group, indeed, entered Sundaland at the end of the Miocene or in
the Early Pliocene, they would have followed a route along the Malay Peninsula into
what is now Borneo, and possibly Sumatra (see below). Java became disconnected
from this landmass after the Early Pliocene, and dispersal to Java could only have
occurred across sea water (Figures 3 and 4). The proto-Kapuas River could have
been a barrier between the northern and southern part of Sundaland, although no
evidence concerning this is presently available.
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